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ABSTRACT: 



INTERMITTENT COATING APPARATUS AND METHOD 
ABSTRACT OF THE DISCLOSURE 

Coating apparatus comprises a coating head (12) for positioning over a substrate (18) to be coated. 
The coating head (12) includes a reservoir (20) for holding an amount of slurry (22) to be applied to 
the substrate (18). The reservoir (20) is provided with a slurry discharge opening (38) for dischar^in 
slurry onto the substrate a 
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(18). A closure member (24) is provided for selectively opening and closing the slurry discharge 
opening (38). The apparatus further includes means for intermittently raising and lowering the 
coating head (12) relative to the substrate (18) in synchronism with the opening and closing of the 
slurry discharge opening (38). In a particular embodiment, the raising and lowering means comprises 
a cam-driven rocking frame (14) on which the coating head 

(12) is mounted. A coating method in which the coating head (12) is raised upon closing of the slurry 
discharge opening (38) is also provided. 

CLAIMS: Show all claims 

*** Note: Data on abstracts and claims is shown in the official language in which it was submitted. 
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The Canadian tntellec 



Patent Document Number 2093898 : 

INTERMITTENT COATING APPARATUS AND METHOD 



APPAREIL ET METHODE DE REVETEMENT INTERMITTENT 



CLAIMS: 



EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY 
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 . A coating apparatus comprising: a coating head for positioning over a moving 
substrate web to be coated, said coating head including a reservoir for holding an 
amount of slurry to be applied to said substrate and said reservoir being provided with a 
slurry discharge opening for discharging slurry onto said substrate for coating the 
substrate with the slurry; a closure member for selectively opening and closing said 
slurry discharge opening; and means for intermittently raising and lowering the coating 
head relative to said substrate in synchronism with the opening and closing of said 
slurry discharge opening. 

2. The apparatus according to claim 1, wherein said 

means for intermittently raising and lowering the coating head relative to said substrate 
comprises a cam-driven rocking frame on which said coating head is mounted. 

3. The apparatus according to claim 2, wherein said 

closure member is curved in cross section and forms the bottom and one side wall of 
said reservoir, said reservoir having an opposite side wall, said slurry discharge opening 
being defined between said closure member and said opposite side wall and said closure 
member being movable relative to said opposite side wall to open and close said slurry 
discharge opening. 

4. The apparatus according to claim 3, wherein said 

closure member is movable relative to said opposite side wall about a pivotal axis 
located at the centre of curvature of said closure member. 

5. The apparatus according to claim 1, further 



http://patentsl.ic.gc.ca/claims?Datent_number=2093898&1angua?e=FN T <~A 



i/nnnni 



CIPO - Canadian Patent Database - Claims - 2093898 



Page 2 of 4 



comprising a roller having a support surface for said substrate web below said coating 
head for supporting the substrate to be coated thereon. 

6. The apparatus according to claim 5, further 

comprising a scraper blade which is operative on said substrate support surface for 
cleaning said surface. 

7. The apparatus according to claim 5, further 
comprising drive means for said roller. 

8. The apparatus according to claim 5, further 

comprising a pair of spaced sliding supports on said coating head which ride on said 
support roller outboard of the web. 

9. The apparatus according to claim 2, wherein said 

closure member is-connected to a cam operated rocking lever for effecting said 
movement of said closure member for opening and closing said slurry discharge 
opening. 

10. The apparatus according to claim 3, further 

comprising a doctoring blade on said opposite side wall adjacent said slurry discharge 
opening. 

1 1. Coating apparatus comprising a coating head for 

positioning over a moving substrate web to be coated, said coating head including a 
reservoir for holding an amount of slurry to be applied to said substrate, said reservoir 
being provided with a slum discharge opening for discharging slurry onto said 
substrate for coating the substrate with the slurry and a closure member for selectively 
opening and closing said slurry discharge opening, wherein said coating head is 
vertically movable relative to said substrate to interrupt the coating of the substrate 
when said slurry discharge opening is closed. 

12. The apparatus according to claim 11, wherein said 

closure member is curved in cross section and forms the bottom and. one side wall of 
said reservoir, said reservoir having an opposite side wall, said slurry discharge opening 
being defined between said closure member and said opposite side wall and said closure 
member being movable relative to said opposite side wall to open and close said slurry 
discharge opening. 

13. The apparatus according to claim 12, wherein said 

closure member is movable relative to said opposite side wall about a pivotal axis 
located at the centre of curv ature of said closure member. 

14. The apparatus according to claim 11, further 

comprising a roller having a surface for supporting said substrate web below said 
coating head for supporting the substrate to be coated thereon, 

15. The apparatus according to claim 14, further 

comprising a pair of spaced sliding supports on said coating head which ride on said 
support roller outboard of the web. 
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16. The apparatus according to claim 13, further 

comprising a scraper blade which is operative on said substrate support surface for 
cleaning said* surface. 

17. The apparatus according to claim 16, further 
comprising drive means for said roller. 

18. The apparatus according to claim 11, wherein said 

coating head is mounted on a horizontal frame which is pivotally supported at one end 
and supported by a first cam on an opposite end, whereby said opposite end is cyclically 
raised and lowered by rotation of said first cam to raise and lower said coating head 
vertically relative to said substrate. 

19. The apparatus according to claim 18, wherein said 

closure member is provided with a lever thereon, the lever, at one end, being pivotally 
supported at said centre of curvature of the closure member and supported by a second 
cam at its free end, whereby said lever is cyclically raised and lowered by rotation of 
said second cam to effect said opening and closing of said slurry discharge opening. 

20. A method of coating a substrate, which is moving at a 

predetermined linear velocity, to provide a coating on the substrate which has coated 
areas interrupted by uncoated areas by means of a coating head containing an amount of 
slurry and provided with a slurry discharge opening therein, comprising the steps of: 
locating the coating head above said moving substrate; opening said slurry discharge 
opening to discharge a metered amount of slurry onto said moving substrate for coating 
the substrate with the slurry: closing said slurry discharge opening and raising the 
coating head relative to the substrate to interrupt the coating of the substrate. 

21. The method according to claim 20, further comprising 

the steps of lowering said coating head relative to said moving substrate and opening 
said slurry discharge orifice to resume the coating of said substrate. 

22. The method according to claim 21, further comprising 

the step of supporting the substrate from underneath by means of a roller and driving the 
roller at a tangential velocity which coincides with the linear velocity of the substrate to 
eliminate relative movement between said substrate and said roller. 

23. The method according to claim 22, further comprising 

the step of cleaning said roller surface by means of a scraper blade which is operative on 
said roller. 

24. The method according to claim 23, further comprising 

the step of slidingly supporting said coating head on said roller for counteracting 
inaccuracies in coating thickness due to corresponding inaccuracies in rotational runout 
of the roller. 

25. A battery having electrodes coated using the 
apparatus according to claim 1 or 1 1. 
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26. A battery having electrodes coated using the method 
according to claim 20. 
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PIELP OK T H E INVRWTTOTi 

This invention relates to a method and nppnratvis 
for providing intermittent deposits of a liquid slurry 
onto a moving rcabstratB to provide intermittent coatings 
on the substrate which are separated by uncoated wcgvaenta. 



10 



BACKGaoortD OF TffTt TMVKTrTTntJ 



The elBCta-odes or rechargeable lJ.tWtum or 
lithium ion Cells can be thin metallic foils which are 
coated with the appropriate active materials on otic or 

15 both surfaces of tho LoL'l. In the manufacture of 

electrode stock for «ucn cells, it is desirable that the 
electrodes be manufactured in long strips having coated 
eegmente separated by uncoated segments. The uncoated 
segments provide the required exposed toil for attachment 

?.a of metallic, tabs for electric contact with the electroflos 
end the external cell contacts. In addition, for cells of 
prismatic design, the uncoated segments provide a location 
whero me electrodes can fie folded. 



30 



In order to obtain such unseated aaijnwnts, 
methods, such, as substrate masking or subsequent confcln<i 
removal, in Wllich the coating is removed Joy chemical or 
ineohanical means, have been opplieil. These method;:, 
hcvever, are considered to be unacceptable Iji that they 
can. result In substrate damAge and/or material 
contamination. These methods also reduce overall 
production efficiency as they require additional processes 
and equipment. 



na Ti insthod for achieving intermittent coating Of a 

substrate in Which a alurry discharge opening is 




./patimage.pdf?page=dis&patent_number=02093898&out_lans=EN_CA&view=7pAn^A0%7/17/2nni 



02093898dis.afp Page 2 



Page 1 of 2 




2093898 



2 - 



intermittently opened, ox closed, to directly obtain 'the 
intermittent, coatinga , is ddSC-rlbed In published Japanese 
patent application ' r °- ie<06S/l9B9. However, this method, 
was found to produco unacceptable results wlt-h scene 
slurrt.es, in the production of orisp, abrupt termination 
edged of the deposited coating segment. This Is due 
primarily to the formation or a meniscus of slurry on the 
downstream facing side of the doctoring element. 
Effective Stopping, or gating of the flow of slurry onto 
the substrate is then inhibited in that the volume of 
slurry vithin the meniscus BUST, be expended before the 
coating is eojr^ietaly terminated. This results in ti 
termination edge Wiich is of irregular ana feathered form. 

It is an object d£ the present Invention to 
alleviate the above-mentioned difficulty. 



20 According to the invention, there lb provided a 

coating apparatus comprising * coating head tor 
positioning over a incviag substrate web to be coated, 
Baid coating fi<ta<J including a reservoir for holding an 
amount of slurry. tD be applied to eaid substrate and said 

?.R reservcrir being provided with a slurry discharge opening 
tar discharging ulurry onto said substrate tor coating 
the substrate with the slurry! a closure member tor 
selectively opening ar:d closing said slurry discharge 
opaningr and neann for intermittently raising and lowering 

30 the coating hand. ro,J at ive to said substrate in 

synchronism, with the opening and closing of said slurry 
discharge opening. 



> v /'.** 



The means far intermittently raising and 
lowering the coating head relative to the substrate may 
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comprise a can-driven rooming frame on *hich the coating 
hea<3 is mounted. 
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15 



Also according to the invention, there la 
provide* coating apparatus oompritfing a aoa-ting head for' 
positioning over a. Moving substrate vab to »a coated, 
said coating tiead including a reservoir for holding an 
amount of Blurry to be applied to said substrate, said 
reservoir being provided with a Blurry discharge opening 
for discharging a lurry onto paid substrate tor coating the 
substrate With tbe Blurry and a Closure member for 
selectively opening and closing said slurry discharge 
opening, wherein Baid coating head is vertically movable 
relative to said subatrate to inturru.pt the coating ot the 
EubBtrate when said slurry discharge opening is closed. 



20 



25 



30 



Further according to the invention, there ia 
provided a method or coating a substrate, which it moving 
at a predetermined, linear velocity, to provide a ooating 
on the substrate, which has coated areas interrupted by 
uncoated areas, by means of a coating head containing an 
amount of slurry aju) provided with a Blurry discharge 
opening therein, OOioprising the stops ot locating the 
coating head above said moving substrate,* opening said 
slurry dischargo opening to discharge alurry onto said 
moving substrate for coating the Bubatratc with the 
Blurry* closing said slurry discharge opening an<* raising 
the coating head relative to til* substrate to lnterropt 
the coating of the substrate. 

Further objects and advantages of the invention 
Will become apparent from the description or a preferred 
embodlnont of the invention beiovr. 




.7any2html?FILENAME=%2Fcpoti7c2Fprod%2Fapache%2Fhtdocs%2Fcache%2Fmodca%2I7/17/200I 



02093898dis.afp Page 4 



Page 1 of 2 





2033803 



- 4 



10 



nTCflORTTTTTny T HE nR&WTKGfl 

Figure 1 is i ttircc-dJ.iitensioiial vieu of One 
embodiment oi? ft coating apparatus according to tho 
invention; 

Figure 5 ie a schenntical diagram of the 
apparatus of Figura 1, showing the apparatus in pact 
uoctional si.de view to bBt-ear illustrate the working of 
the conpon«nr-S Cftereot; 



35 



Pigura 3 is an enlarged view to more clearly 
illustrate an area, in the vicinity of a slurry discbarge 
opening of the apparatus of figura 2? and 

Figures <A and fl, respectively, illustrate an. 
application in Which the mattind of the Invention is 
employed and an ftpplicat J.on in which it is not employod. 



25 



Referring fca the drawings, reference numeral 10 
generally indicates a coating apparatus comprising a 
coating head 12, a Bupport frame ,14 for the coating head 
12 and a backing roller 16 (not shown in Figure 1) for the 
substrate being coated, which in the pxesont example ia a 
%ieh 13 of mer.al (toil. 



The coating h*a<t ].;? has a rGB&rvoir 20 for 
30 containing a quantity of slurry 22 for coating the veto 16. 
The reservoir 20 i.% defined between a curved mentbor 7A 
forming the, base and otic stdewall of the reservoir 20 and 
□n HSb'ontiaily flat aunaber 2 6 Coming the opposite 
sj.aevall of the reservoir 20. The lateral aides or the 
33 reservoir 20 arB fDraod by a pair of flat mcmbera 2a (no-t 
shown in Figure 'i) , 
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The curved member ?4 is joovable relativo to the 
flat member 2C about a pivotal axis 3S> which is located *r 
the centre or curvature of the. curv B d member 24, aB shewn 
tn. figure 2. K lever 32 is connected to the curved member 
24 and is ii\ oantact with a cam 34 which is rotafcable on a 
shaft 16. Rotation ot the cam 34 ralfiO* and lowers the 
i.ever 32 which causes pivotal movement of the ourved 
member 24 rolative to the woRbsx 2C between a first 
limiting position, in vtlioh a a lurry discharge opening 38 
is defined between the members 24 and 26 at the base of 
the reacrvoJ.r 20, as shown in Figure 2, and a second 
limiting position in vhich the opening 3E is closed <not 

Shown) , 

Torsional springs 39 are provided at opposite 
ends of the pivotal axis 30 which act about the axis 30 to 
oxest a desired closing force on the curved member 34. 

The frame 14 on which the coating head 12 is 
mounted is supported at three points, being a eIhcjIb 
pivoting support 40 arout T\\e shaft 36 at one end of the 
frame 14, and □ pair cf spaaed sliding supports 42, which 
ride on the backing rail ax- lfi outboard of the veb 18. at 
the opposite end of t,-c frame 14. 

A further, cam 41, operative on the frame 14 
opposite to the pivotal support 40, is provided, on a shaft 
4 3- Rotation of the shaft 42 intermittently raises and 
lowers the coating head 12 through Uie action of the oaw 
41 on the frame 14. 

The vertical gap 44 (see Figure 3) defined as 
the distance betvoon the lower edge of the mewber 2C and 
the web IB is manually set Joy means of a pair of 
calibrated fine pitch screw thread adjusters 46. The 
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deposition thicknesa of tile slurry 22 is control led by 
adjustment of the gap 44. Ae shown, the lower end ot the 
msmber 2 6 is provided with a doctoring blade 47 thereon 
for doctoring the slurry deposited onto the web 18 to tha 
5 deeired thickness. More preoisely, the gap 44 ia defined 
between the .lower end of the doctortng blade W and the 
web IS. 

One or viore filler tubes 4B are provided for 
10 feeding Blurry 22 to the reservoir 20. Dependent on 
slurry properties and the rami Stent ions of having gaB 
entrained in Che slurry, the filler tube(s) 48 may extend 
downward below the head level of tha slurry 22, as snown 
in Broker lines in Figure 2, A high level sensor so and a 
15 loin level sensor 52 are provided £or controlling the head 
level o£ the slurry 23 between uppeir and lover control 
Jtimits. in Figure 2, non-contacting eptlo sensors arc 
shown.. 

20 A blade 5a is held against the backing roller 16 

to reviove particulate Material therefroa. A catch tray 5G 
is provided beneath the roller is for catching any 
■ particulate material removed from the roller 16 By the 
blade 54. Tha coating apparatus 10 also includes drive 

25 m*ans (not sha*n) for driving the backing roller 16 at a 
tangential velocity equal to the linear velocity of the 
web 18, which is moved along by Buitable means (not shewn) 
in. a direction from left to right, ae shown in Figure 2. 

JO • : oPBiari pH 

During a- coating operation the web 18 is waved 
at a predetermined' oons bant Bpeed supported by the packing 
roller 10, which, as stated above, is driven at a 
35 tangential velocity equal to the linear velocity of the 
VTOb IB eo that tJiero is no relative slippage at the 



'Sir 
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interface bstwoon the roller 16 and tho surface of tho urea 
18. Tb.l.a counteracts abrasive wear of the rollor 1R as 
veil <ib damage to the coating on the web in; This is of 
particular importance Vhen coating the second aide of ttfie 
web 19 during which time the coated first Biae of Cftft web 
1U ia in contact With the roller IS. 



10 



.IB 



20 



35 



In operation, tho slurry 22 ia deposited onto 
the web 18 through the slurry discharge opening 38 to 
achieve an intermittent coating pattern on the web IS by 
tlic intermittent interruption or termination of the 
coating deposition. This ib accolnplispea by the 
combination of two interdependent and sequenced motions. 
The first is a closure of the SUirry discharge opening JB 
by the rotiitiorjai movement of thy curved member 24 about 
tne pivotal axis 30, Which is effected by rotation of tne 
e*m 34 about the ehnft 40, which causes a pivoting action 
of die lever 32 about tho ftxU 30. Tha second motion iss a 
vortical lifting Df the coating head ia frora the roller 
1<3. ThiB ie sccompliehed by rotation of the cam 41 on the 
shaft 43 vhich causes n pivoting action of the frame 14 
about the shaft .16. in the present example, the rotation 
of the shafts 3fi and 40 ie driven by electrical servo 
motors:, but xny other suitable drive means, inci.uctj.ng 
pneumatic and hydraulic cylinders and motore, may be used. 



30 



Hie above lifting of the coating head 12 upon 
closure of the slurry discharge opening 38 acts to break 
the meniscus of slurry attached to the doctoring bJ.ade 46, 
thereby producing a clean termination edge, 



35 



Cyclic rotation of the cujiis 34 i»nd 41 
reinitiates tlie coating process by first lowering the 
coating head 12 onto the mller 16 and opening the slurry 
discharge opening 3B. 
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'rhe complete sequencing of the termination and 
re initiating procieduree described above are electronically 
controlled and lira rolftrenced to the measured travel of 
the web xa so that the desired repetitive pattern U 
produced. The timing ot the lifting of the coating head 
12 reJative to the closing or Wie slurry discharge opening 
38 is iwporcanr. and is dependent upon the physical and 
chemical cliiiraeteristl.ee of the particular slurry used in 
each application. For example, in some applications the 
bost results nay be obtained by lifting the coating 
head 12 immediately upon cloB-imj of the slurry discharge 
opening 26 but in other applications, a short time delay 
botwoen +lie closure of the Blurry diacharge opening 3« and 
the lifting of tliei coating head 12 (lift delay) produces 
better results, nio required lift delay for a particular 
slurry cap be ascertained by performing sinple tests with 
the slurry in which the lift delay la varied ov*r a range 
of values. 



25 



30 



Closure nxrangw.ents, euch as the linear shuttle 
de-ecribsid in Japanese patent application No. 184fl«9/l9&9 , 
can displace a considerable volume ot slurry and, in doing 
so. exert forces which would act to drive excess slurry 
under zh<3 Oootoring blade 47. The action of pivoting the 
curved member 24 abou" its centre of curvature, VJiich 
results in the opening and closing of the slurry discharge 
opening 36, displaces a minimal volume of slurry 22 . 
Also, there* is: no appreciable change in the head level of 
the slurry 22 within the reservoir 20 which simplif J.ef the 
uontroll of the sensing and replenishment of this IbvoI, 



US 



By cu»port t^i? the coating head 12 on the baoklng 
roll 16 ley means of tHo sliding supports 42, the Burfact 
of the roller 10 is used as the reference datum for the 
doctoring blade 46. ;;ith this arrangement, the potential 
detrimental effect of inaccuracies In rotational runout of 
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the roller 16 on deposi fcion thickneBa control is 
coum:«raot«i3 . 



10 



13 



SO 



35 



Thi? lj filing of the coating head 12 further 
ra.uu.lta in a Bslf cleaning function in that ovaxsiie 
particles within the slurry which may become trapped tn 
the gap «1 vill bo released, ibe detrimental effects, of 
trapped particles on the ooAting la then generally limited 
to a single deposit ton segment only. 

in order to ooot the opposite side of tha web 
lfl, it is repositioned and fed through the coating 
apparatus it) with its opposite side lacing upv«irdr.. The 
vertical gap 43 is- ms^usteo" to compensate for the initial 
coating thicJcneae and the process is repeated. Alignment 
of tha cocted and unenated area* oil the two opposing: ain.es 
of the web ib is mainrainftd by a photosensor (not shown) 
which detects the 1 Billing edges of the cootftd and uncoated 
areas of the first aide. The detection then triggers the 
electronic control of the termination/reinitiation 
processes. 

We example of an application or the invention 
and a compariisojl with a method in which the coating head 
is not raised ib dBscrlbaa below with rercrenca to Figures 
Ah and B of the drawings. 



30 



35 



Anndn electrode coatings to be usofl in 
cylindrical! y wound, lithium batteries vuxe made. A slurry 
was prepared by blinding active anode material and a 
binder in a carrier solvent. TSie active material used was 
& coke-like earhon powder, 20 raicroiiietere in size, known 
as mcoooarbon nicroJ&cad*. 'i'he binder weed was 
polyvinylidenc: flaoriiB. Tlie solvent used was n-methyl 
pyrrol idona. The eucs^tTate coatBd vas a w -micromotor- 
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thick copper foil . The. coating was first applied using 
the method b£ the pmiat invention in which tho coating 
bead 1b lifted at the termination of the coating and ae a 
comparative example, th. procedure was repeated bat 
5 without lifting the coating head at the termination of tu 
coating. 

The result obtained when the coating Head is 
lifted at the termination of the coating ie ehovn in 
10 figure 1A and tho re»alt obtained *lwn ttia head is not 
lifted is shown in Kawse «- xn the dravings, the 
airentioR of travel of eho weft W ia from le£t to right. 
Ita. edge at the initiation of a outing (initiation edge) 
ia indicated by rofdmce numeral SO and the edge at Tfle 
15 termination of a coating (termination edga) 1= indicted 
hy xefsrenc* numeral 62. The point at «hich the r.larry 
discharge opening 3S ie closed is ideated by reference 
numeral 6*. The .distance X3 represents the coated anode 
length or active anod« l«ngth. The distance XI ia the 
uncoated length tor attaching a current collecting **h to 
the electrode and xz ia the distant over vhich the 
coating irregularities attend at the ruination edg* M- 
in thle exaiaplB, X3 vas ■** to be approximately 50 c* and 
vi vas set to be awrwrinately * « so that the resulting 
anode vould b« suitable for use in a 4/3 A si.e batter*. 

As oan be seen fron Figure IB, *h*re tno coating 
head is not lifted ot the termination or the coating, the 
ter.ninaCl.on edge 62 has a ragged or fe«th*rod form and tno 
30 distance X2 0V« «» irregularities extend vao found 

w be almost 3 nil l»ng. "ith reference to figure 4A. 
where tre coating ie&a is lifted, the termination edge 62 
is smooth «nd the length X2 vaa found to b* le» than 
1 Km- ' 

33 
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